Abstract Primary colonic-type adenocarcinoma involving the tongue (CTAT) is exquisitely rare, with only four cases having been reported in the literature. We report the case of a 53-year-old woman with an anterior (oral) tongue mass. A review of literature was performed. Histomorphologic features were evaluated with standard hematoxylin and eosin stained sections. Ancillary testing was performed. The mass consisted of invasive adenocarcinoma associated with ''dirty necrosis'', akin to the phenotype seen in colorectal adenocarcinoma. By immunohistochemistry, the tumor cells were positive for AE1/3, CDX2, CK20, SATB2 and beta-catenin. This was initially felt to represent a metastatic colorectal adenocarcinoma but subsequent PET/ CT and colonoscopy examination were negative for colorectal mass, excluding the possibility of a metastasis and confirming a diagnosis of CTAT. We raise awareness of the existence of this entity and recommend that metastatic disease be excluded before rendering a diagnosis of CTAT.
Introduction
Primary lingual adenocarcinomas, thought to arise from minor salivary glands, are exceedingly rare neoplasms [1] . Of 542 intraoral tumors examined by Pires et al. [2] 21 (3.9 %) arose from the floor of the mouth and of those, only 3 (0.5 %) were pure adenocarcinoma. Although conventional salivary gland adenocarcinomas may arise, the primary colonic-type adenocarcinoma (CTAT) variant, involving the tongue is exquisitely rare, with now five cases being reported in the literature [3] [4] [5] . All cases involved the tongue and shared similar histomorphology and immunophenotype. Herein, we report another rare occurrence of primary colonic-type adenocarcinoma involving the anterior (oral) tongue.
Case Report
The patient was a 53 year old female with past medical history significant for hypercalcemia secondary to hyperparathyroidism, ethanol abuse and both tobacco and extensive marijuana use. The patient had reportedly ceased cigarette usage approximately 6 months prior to her presentation. No history of wood dust exposure was noted. Her family history was significant for renal cell carcinoma in her grandmother. She presented with a 3 month history of edema and discomfort of the left lateral aspect of the tongue, accompanied by progressive dysphagia and dysphonia. The patient also complained of intermittent left otalgia and a 20-pound weight loss during the prior 3 months. Magnetic resonance imaging of the head and neck identified a partially cystic mass involving the oral tongue and sublingual floor of mouth (Fig. 1) . The patient was taken to the operating room for incision and drainage and aspiration of the cyst at an outside hospital. Cytopathology of the cyst aspirate demonstrated adenocarcinoma. Positron emission tomography-computed tomography (PET-CT) of the mass showed intense hypermetabolic activity. Additionally, two hypermetabolic level IIA lymph nodes were identified. The sinonasal cavity and paranasal sinuses were unremarkable. No other suspicious foci were identified in the body on PET-CT. An anterior glossectomy with bilateral selective neck dissection and radial free flap reconstruction was performed. Post-operative external-beam radiation therapy was administered to the tumor bed. The patient is now 1 year post-resection with no clinical or radiologic evidence of recurrent or metastatic disease.
Methods
All surgical specimens were fixed in 10 % formaldehyde, embedded in paraffin, sectioned (4 lm) and stained with hematoxylin and eosin. A panel of immunohistochemical stains was performed on the formalin fixed paraffin embedded sections from resection specimen, using commercially available antibodies. The antibodies, their clones, dilutions, sources which were used in this study are summarized in Table 1 .
Results
Grossly, the resection specimen consisted of a portion of tongue exhibiting a 3.6 9 3.3 9 3.0 cm grey-white, wellcircumscribed mass abutting the ventral surface.
Histologically, the mass consisted of invasive adenocarcinoma demonstrating a papillary, tubulo-glandular pattern, associated with ''dirty necrosis,'' akin to the phenotype seen in primary colorectal adenocarcinoma. The overlying squamous mucosa was unremarkable and showed no evidence of dysplasia. Examination of the 61 cervical lymph nodes was negative for metastatic disease. By immunohistochemistry, the tumoral cells were positive for pancytokeratin AE1/3 (moderate, diffuse), CK20 (strong), CDX2, SATB2 (strong) and beta-catenin (cytoplasmic) and negative for CK 7 in the majority of cells. Microsatellite markers (MLH1, PMS2, MSH2, MSH6) were all intact (Fig. 2) . Based on the histomorphology and immunophenotype, an initial diagnosis of metastatic adenocarcinoma of colorectal origin was rendered. However, subsequent imaging studies including colonoscopy and PET/CT scan studies were negative for malignancy in the gastrointestinal tract, clinically excluding a colorectal origin.
Discussion
Lingual adenocarcinomas, both primary and metastatic alike are exquisitely rare events. The distribution of lesions reported thus far demonstrate are nearly evenly divided with three cases involving the base of tongue and two cases involving the anterior (oral) tongue. (Table 2) . Morphologically, CTAT are characterized by well-to moderately-differentiated intestinal-type adenocarcinoma. Features of intestinal-type adenocarcinoma, including ''dirty'' necrosis (necrotic debris within the glandular lumina), intra-and extracellular mucin production, pushing-borders with desmoplastic reaction are frequently present. Cytologic features may be low-or high grade, but in reported cases have shown prominent nucleoli, increased nucleus to cytoplasmic ratio, and loss of nuclear polarity. Documented cases have appeared as exophytic masses invading into the deep muscles of the tongue. Immunohistochemically, these tumors are identical to colorectal carcinoma, showing CDX2 and CD20 expression with variable CK7 expression.
Bell et al. [3] documented the first two cases of sublingual colonic-type adenocarcinoma. Both cases arose in patients in their sixth decade of life, each with a past medical history of tobacco use. The masses measured 3.0 and 4.5 cm in greatest dimension, both extending from the base of the tongue to the superficial mucosa. Lymph node metastases were noted in both cases. Microscopically, both tumors consisted of well-to moderately-differentiated colonic adenocarcinoma, similar to that seen in our case. Immunohistochemistry also demonstrated a similar profile to the tumor seen in our case, wherein both tumors demonstrated strong positive membranous/cytoplasmic staining for CK20 and beta-catenin, and nuclear staining for CDX2. CK7 staining was negative in one of the tumors and focally positive in the other. Of note, follow-up of at least 11 months in both cases following surgical resection demonstrated no evidence of recurrent disease.
In their 2012 report, Slova et al. document a similar appearing lingual mass arising in a 49 year-old patient with over 20 years of occupational exposure to wood-dust, akin to that which is seen in the sinonasal tract intestinal-type adenocarcinomas [4, 6] . The 3.6 cm tumor was infiltrative and demonstrated marked mucinous (colloid) features among intestinal-type adenocarcinoma. Again, lymph node metastases were present. Lesional cells expressed AE1/ AE3, CAM5.2, CK7, CK20, CDX-2, villin, p16, carcinoembryonic antigen (CEA) and epithelial membrane antigen (EMA).
Several theories have been proposed to explain the bizarre histogenetic nature of this neoplasm. Slova et al. [4] suggested malignant transformation of a minor salivary gland may result in adenocarcinoma of the oral cavityand when occurring in the base of the tongue, may result in CTAT. Yet, alone, this theory does not fully explain why transformation into colonic-type adenocarcinoma-opposed to conventional adenocarcinoma of the salivary glands-occurs. Secondly, the unusual location of a glandular neoplasm in the belly of a muscle raises the question of embryological rest involvement. In a theory dating back to the times of Virchow [7] , adult tissues may harbor embryonic remnants that normally lie dormant but can be ''activated'' to become malignant [8] . The crux of this theory relies on the notion that stem cells within these rests accumulate mutations which lead to cellular immortality, rather than the malignant degeneration of a differentiated cell. We note that the opportunity for such transformation is present, as several studies have noted the presence of stem/progenitor cells in the base of the tongue [9] .
Our case mirrors closely the previously reported cases in that exposure to environmental toxins for at least a decade was present. Interestingly, in addition to tobacco usage, our patient had a longstanding history of smoking marijuana on a near-daily basis. The effects of cannabis usage in carcinogenesis (if any) are still being delineated, however a recent publication has shown compelling evidence that alterations in molecular signaling-particularly in the EGFR pathway-may increase the risk of development of laryngeal carcinoma [10] .
Presently, the direct cause of CTAT is unknown. Of the five cases in the literature, all have documented environmental exposures to tobacco or wood-dust ( Table 2 ). The correlation of wood dust particle exposure with intestinaltype sinonasal adenocarcinoma (ITAC) has been welldocumented [6] . Interestingly, analysis of ITAC mutations has identified TP53 mutations in approximately 40 % of ITAC [11] . Of these, the mutation in the TP53 suppressor gene demonstrated a characteristic-though neither specific nor exclusive-G?A transition in codons 248, 176 or 175. Consequently, investigations into K-ras and BRAF mutations in ITAC has suggested little involvement of these genes in the etiology (therefore limiting their use in predicting response to EGFR-inhibitors, as used in hereditary colorectal carcinomas) [12] . To that end, evaluation of K-ras in CTAT in one case has been found to be negative [3] . Bell et al. documented intact MMR in their cases of CTAT [2] . Our case also shows intact MMR, suggesting that CTAT is not likely related to a familial/inherited mutation. The principal differential diagnosis of metastatic colorectal carcinoma must be addressed, considering that the immunoprofile of colonic adenocarcinoma is identical to that presently found in this case. In the present case, a colonoscopy was undertaken and found only a serrated polyp with features of hyperplastic polyp and sessile serrated adenoma. Metastatic disease to the oral cavity is an uncommon occurrence. In a study of 1455 oropharyngeal malignancies, 2.0 % were metastatic disease and of those, only 2 (0.01 %) were of colorectal origin [13] . Among the 218 cases of oral mucosal metastatic disease reported by Hirshberg et al. [14] 12 (5.5 %) were of colorectal origin. Therefore, it is necessary to recommend a full clinical work-up, ruling out metastatic disease, before rendering a diagnosis of CTAT.
As mentioned previously, intestinal-type sinonasal adenocarcinoma (ITAC) has a similar morphologic appearance and potentially could reach the base of tongue via direct extension or metastasis. Metastatic disease from ITAC is rare [15] . Immunophenotypically, these tumors demonstrate CK7, CDX2 and CK20 positivity [16] . As CTAT expresses CK20 and is variably CK7 positive, consideration by the pathologist as to the exact location of the mass and pertinent review of sinonasal imaging is warranted.
Based on the limited cases reported thus far in the literature, the prognosis of this tumor appears to be guarded. Of note, follow-up data available in four of the cases appears to show a favorable outcome in all but one case after multimodality treatment. The only case of mortality arose in the anterior tongue location. Obviously, whether base of tongue location confers a favorable outcome will need to be validated in a large prospective cohort.
In summary, we present a hitherto rare case of primary lingual colonic type adenocarcinoma, an exquisitely rare diagnostic entity with predilection for the base of tongue which may be confused for metastatic disease. We highlight the striking morphologic and immunophenotypic mimicry with colorectal adenocarcinomas and importance of considering CTAT as a differential diagnosis in adenocarcinomas arising from the tongue.
